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Writing the Symbols for Atoms

Write the symbol fof the atom that has an atomic number of 9 and a mass number of 19.
How many electrons and how many neutrons does this atom have?
Solution

The atomic number 9 means the atom has 9 protons. This element is called fluorine,
symbolized by F. The atom is represented as

lgF
and is called “fluorine nineteen.” Since the atom has 9 protons, it also must have 9 elec-

rons to achieve electrical neutrality. The mass number gives the total number of protons
and neutrons, which means that this atom has 10 neutrons.

See Exercises 2.43 thmugh 2.46.

2.6 Molecules and lons

From a chemist’s viewpoint, the most interesting characteristic of an atom is its ability
to combine with other atoms to form compounds. It was John Dalton who first recog-
nized that chemical compounds are collections of atoms, but he could not determine
the structure of atoms or their means for binding to each other. During the twentieth
century we learned that atoms have electrons and that these electrons participate in
bonding one atom to.another. We will discuss bonding thoroughly in Chapters 8 and 9;
here we will introduce some simple bonding ideas that will be useful in the next few
chapters.

The forces that hold atoms together in compounds are called chemical bonds. One
way that atoms can form bonds is by sharing electrons. These bonds are called covalent
bonds, and the resulting collection of atoms is called a molecule. Molecules can be rep-
resented in several different ways. The simplest method is the chemical formula, in which
the symbols for the elements are used to indicate the types of atoms present and subscripts
are used to indicate the relative numbers of atoms. For example, the formula for carbon
dioxide is CO,, meaning that each molecule contains 1 atom of carbon and 2 atoms of
oxygen.

Examples of molecules that contain covalent bonds are hydrogen (H,), water (H,0),
oxygen (0,), ammonia (NH;), and methane (CH,). More information about a molecule is
given by its structural formula, in which the individual bonds are shown (indicated by
lines). Structural formulas may or may not indicate the actual shape of the molecule. For
example, water might be represented as

H—O—H or /O\
H M

The structure on the right shows the actual shape of the water molecule. Scientists know
from experimental evidence that the molecule looks like this. (We will study the shapes
of molecules further in Chapter 8.) The structural formula for ammonia is shown in the
margin at left.

Note that atoms connected to the central atom by dashed lines are behind the plane
of the paper, and atoms connected to the central atom by wedges are in front of the plane

‘of the paper.

In a compound composed of molecules, the individual molecules move around as
independent units. For example, a moleciile of methane gas can be represented in several
ways. The structural formula for methane (CH,) is shown in Fig. 2.16. The space-filling
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of model shows both the relative sizes of
i the atoms in the molecule and their
! spatial relationships.

i model of methane, which shows the relative sizes of the atoms as well as their relativ
orientation in the molecule, is given in Fig. 2.17. Ball-and-stick models are also used t
represent molecules. The ball-and-stick structure of methane is shown in Fig. 2.18.

A second type of chemical bond results from attractions among ions. An jon is a
. atom or group of atoms that has a net positive or negative charge. The best-known ion
compound is common table salt, or sodium chloride, which forms when neutral chlorir
and sodium react.

To see how the ions are formed, consider what happens when an electron
transferred from a sodium atom 1o a chlorine atom (the neutrons in the nuclei will !

i ignored):

Neutral sodium

¢ atom (Na)

i Sodium ion

’E (Na*)

:
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:E 10 electrons

i 11 electrons
Na* is usually called the sodium ion With one electron stripped off, the sodium, with its 11 protons and only 10 elect
rather than the sodium cation. Also Cl now has a net 1+ charge—it has become a positive ion. A positive ion is cal

is called the chloride ion rather than the
chioride anion. In general, when a spe-
cific fon is referred 1o, the word ion hand form as

rather than cation or anion is used. Na — Na* + e

cation. The sodium ion is written as Na*, and the process can be represented in ¢




